Abstract. Many components derived from dietary or medicinal plants showing antioxidant and anti-inflammatory potential have been found to possess chemopreventive properties. In our previous study, we achieved the total synthesis of ailanthoidol (AT), a neolignan from Zanthoxylum ailanthoides or Salvia miltiorrhiza Bunge, which are used in Chinese traditional herbal medicine. In the present study, preliminarily, AT exhibited a radical quenching property by DPPH assay. Following this, we assessed the effect of AT on 12-Otetradecanoylphorbol-13-acetate (TPA)-induced oxidative stress and inflammation in female CD-1 mouse skin which was closely linked to tumor promotion. The topical application of AT (0.5-2.5 mM; 200 μl) reduced the formation of hydrogen peroxide and inhibited the myeloperoxidase (MPO) activity in the mouse skin when compared with that of the TPA-treated alone group. In addition, AT presented a suppression effect on the TPA-induced hyperplasia and leukocyte infiltration in the epidermis and edema of mouse ears. Furthermore, it showed that AT inhibited the TPA-induced expression of COX-2 protein and ornithine decarboxylase (ODC) activity in epidermis. Finally, AT was evaluated for its ability to inhibit the TPA-induced promotion in skin tumors of female CD-1 mice. Topical application of AT 5 min prior to TPA (5 nmol) three times weekly for 12 weeks to mice which were initiated with benzo[a]pyrene (B[a]P) inhibited the incidence of skin tumors in mice and the average number of tumors per mice as compared to TPA-treated alone. These results indicate that AT possesses potential as a chemopreventive agent against tumor promotion.
Introduction
In our previous study, we achieved the total synthesis of ailanthoidol (AT) (1), a neolignan from Zanthoxylum ailanthoides or Salvia miltiorrhiza Bunge (2,3), which are used in Chinese traditional herbal medicine. In addition, on chemical constituents of those species and their bioactivities, the lignans are dimmers of propylbenzene units that connect at the side chain carbon. Those whose linkage of two phenylpropanoid units is other than the above type are known as neolignans. Though lignans and neolignans have been reported to exhibit a broad range of biological activity, including antiviral (4), anticancer (5), anti-inflammation (6) and antioxidation (7) , the biological activity of AT is not well understood.
Recently, considerable efforts have been made to search chemopreventive agents that could inhibit, retard or reverse the multistage carcinogenesis. Chemopreventive agents can act in any stages of carcinogenesis, i.e. initiation, promotion or progression. The intervention of cancer in the promotion stage, however, seems to be most appropriated and practical since tumor promotion is a reversible event, which requires repeated and prolonged exposure to promoting agents. Accordingly, tumor promotion is closely linked to oxidative stress and inflammation (8) , and it is hence likely that compounds with strong antioxidative and anti-inflammatory activity act as anti-tumor promoters as well. In the present study we evaluate the anti-promotion potential of AT by assessing the effect of AT on TPA-induced oxidative stress and inflammation in mouse skin for short-term study.
The well-known concept of initiation-promotion leading to formation of papillomas and then conversion to carcinomas has been described (9) . For example, the initiation stage is an irreversible step where genetic changes have been shown to occur in gene(s) controlling differentiation, whereas the stage of promotion is a reversible step controlling the expansion of the initiated cells. The multistage mouse skin carcinogenesis model is an ideal system to study many biochemical alterations,
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changes in cellular functions and histological changes that take place during the different stages of chemical carcinogenesis (10, 11) . Studies have shown that skin applications of most tumor-promoting agents such as 12-O-tetradecanoyl-phorbol-13-acetate (TPA) result in inflammatory responses, including development of edema, hyperplasia, and induction of COX-2 protein expression (12) (13) (14) . In addition, TPA and other tumor promoters have been shown to exert their action by production of ROS (15, 16 Animals. Female ICR mice aged six weeks (National Laboratory Animal Center, National Science Council, Taiwan) were approved by the Animal Center Committee of CSMU and kept in an animal facility for one week before being used. The mice were provided with food and water ad libitum and kept under a 12-h light/dark cycle. The dorsal region of each mouse was shaved with electric clippers two days before treatment with AT, TPA or B[a]P. AT was given 5 min before TPA administration.
Determination of free radical quenching capacity. The free radical quenching capacity of AT was tested according to a method of bleaching stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) (17) . A reaction mixture containing methanol (3 ml), DPPH (10 mM, 30 μl), and various concentrations of tested sample was allowed to stand at room temperature for 30 min before mixing with redistilled water (1 ml) and toluene (3 ml).
The solution was then centrifuged, and the absorbance of the upper phase was read at 517 nm against a blank. (19) . The mouse skin was punched with a cork borer (20 mm), minced with scissors in 3 ml of 0.5% hexadecyltrimenthyl ammonium bromide in potassium phosphate buffer [50 mM (pH 6.0)] and homogenized with a polytron homogenizer three times for 30 sec on ice. Samples were centrifuged at 10,000 x g for 20 min and the supernatant was filtered by passing through two layers of gauze. To each 4 ml acrylic cuvette were added 1.3 ml of 25 mM 4-aminoantipyrine, 2% phenol solution and 1.5 ml of 1.7 mM H 2 O 2 with equilibration for 3-4 min. After the basal rate was established, a 0.3-ml sample suspension was added and quickly mixed in the cuvette. Increases in absorbance at 510 nm were recorded for 4 min. MPO activity was calculated from the linear portion of the curve and expressed as units/ cm 2 mouse skin. One unit of MPO was defined as the activity that degrades 1 μmol H 2 O 2 /min at 25˚C.
Measurement of mouse ear edema.
An assay of the TPAinduced mouse ear edema was performed by the method of Huang et al (20) . TPA (0.5 nmol) in acetone (20 μl) alone, or together with AT (0.5, 1, 2.5 mM in acetone) in acetone (20 μl) was applied to the right ear of mice (eight mice per group). Mice in the control group received only acetone (20 μl). Six hours later the mice were sacrificed by cervical dislocation and 6-mm (diameter) ear punch biopsies were collected and weighed. The increase in the mass of the ear punch of each mouse was directly proportional to the degree of inflammation.
Morphological examination of TPA-treated mouse skin. An assay of the TPA-induced epidermal morphological examination was performed by the method of Huang et al (20) . The dorsal skin of female ICR mice (eight mice per group) was treated with acetone (200 μl), with TPA (5 nmol) alone or with TPA (5 nmol) plus AT pretreatment (0.5, 1, 2.5 mM in acetone) twice a day for 7 days. The mice were sacrificed by cervical dislocation 18 h after the last application. The dorsal skin was excised and fixed in 10% neutral buffer formalin. The skin samples were processed for histology with hematoxylin and eosin (H&E) staining. Then leukocyte infiltration and epidermal thickness were used as indicators of morphology changes. Morphometric analysis was performed with an automatic photomicroscope (100-fold magnification) and an air ocular micrometer.
Immunoblotting analysis. To perform Western blotting, protein was resolved on SDS-PAGE gels along with the prestained protein molecular weight standards (Bio-Rad). Proteins were then blotted onto an NC membrane (Sartorius) and reacted with primary antibodies (anti-COX-2 and anti-·-tubulin as internal control). The secondary antibody was a peroxidase-conjugated goat antimouse antibody. The reacted bands were revealed by enhanced chemiluminescence using an ECL commercial kit.
Preparation of epidermal homogenates and ODC assay.
The dorsal shaven area of mouse skin was treated topically with acetone (200 μl), TPA (5 nmol) in acetone or TPA with the pretreatment of AT. Six hours after the treatment, the mice were sacrificed by cervical dislocation and the skin of the dorsal area was removed. In order to remove the epidermis from the dermis, the skin samples were plunged into water at 58˚C for 30 sec and then immediately submerged in an ice bath. The epidermis was removed from the dermis by gentle scraping and placed in 1 ml of potassium phosphate buffer (50 mM; pH 7.7) containing dithiothreitol (2 mM) and EDTA (0.1 mM). The epidermis was homogenated on ice for 30 sec with a polytron homogenizer. The epidermis homogenate was centrifuged at 20,000 x g for 20 min at 4˚C and the supernatant fraction was removed and stored overnight at -80˚C before the determination of ODC activity. The ODC activity of the soluble epidermal extracts was determined by measuring the release of 14 CO 2 from DL-[ 14 C]ornithine hydrochloride and measured by liquid scintillation counting (20) . Protein was determined by protein assay, using bovine serum albumin as the standard.
Two-stage mouse-skin carcinogenesis test.
In two-stage mouse-skin carcinogenesis test, the dorsal regions of female ICR mice (eight animals per group) were shaved with electric clippers two days before being topically applied with 200 μl of acetone (solvent control) or B[a]P (200 nmol) in 200 μl of acetone as an initiating treatment. One week after the initiation, mice were treated with TPA (5 nmol) in 200 μl of acetone alone or TPA with the pretreatment of AT (0.5, 1, 2.5 mM in acetone) to the skin three times weekly for 12 weeks. Skin tumors with a diameter larger than 1 mm were counted and recorded every week and the incidence of papillomas was examined weekly (21) .
Statistical analysis. The results were reported as the mean ± SE and statistical significance was determined by the MannWhitney rank sum test.
Results
Free radical quenching capacity of AT. To determine the free radical quenching capacity of AT (Fig. 1) , the bleaching of DPPH by AT was measured firstly. The result demonstrated in Table I . Inhibitory effect of AT on the formation of H 2 O 2 in mouse epidermis treated with TPA. - MPO levels have been used as a marker to quantitate the extent to which leukocytes that have infiltrated into the dermis produce reactive oxygen intermediates in response to topical stimuli (22) . Application of TPA to mouse skin induces oxidative stress, as evidenced by numerous biochemical responses, including both significant production of H 2 O 2 and also enhanced levels of MPO. Therefore, the effect of topical application of AT on the TPA-induced MPO activation was examined. Two applications of TPA (5 nmol), 20 h apart, enhanced the activity of MPO by 28-fold in comparison with the controls (Table II) . The TPA (5 nmol)-induced activation of MPO was significantly inhibited (58%, 61% and 97%) when the skin was pretreated with 0.5, 1.0 or 2.5 mM AT (200 μl), respectively.
Inhibitory effect of AT on TPA-induced mouse ear edema, mouse epidermal hyperplasia and leukocyte infiltration.
The anti-inflammatory activity of AT was evaluated by determining its effect on TPA-induced edema of mouse ear. The inflammatory response triggered by TPA was characterized in a previous study (23) . The ear punches (diameter 6 mm) obtained from the right ears of mice 6 h after the topical application of TPA (0.5 nmol) showed an average mass of 12.9 mg. The application of 20 μl AT (2.5 mM) prior to TPA (0.5 nmol) inhibited the TPA-induced edema of mouse ear by ~96% and AT alone did not induce ear edema (Table III) . In addition, the effect of topical application of AT on TPA-mediated induction of cutaneous morphology was also assessed. As shown in Table IV , topical application of TPA (5 nmol) twice a day for 7 days to the dorsal surface of ICR mice resulted in a 2.9-fold increase in epidermal thickness as compared to the control group. The topical application of AT before TPA application to mouse skin resulted in an inhibition in the induction of epidermal hyperplasia and inflammatory cell infiltration (Table IV) . These results indicated that topical administration of AT resulted in an effective inhibition of the TPA-induced skin inflammation.
Inhibitory effect of AT on TPA-induced mouse epidermal COX-2 expression and ODC activation.
Substantial evidence has suggested that elevation of COX-2 is not only implicated in inflammation but also in tumorigenesis (24) . Thus, we next assessed the effects of skin application of AT on TPA-induced epidermal COX-2 protein expression. Western blot analysis revealed that treatment of TPA (5 nmol) for 6 h increased epidermal expression of COX-2 protein, however, pretreatment with AT before TPA application decreased the expression of COX-2 protein (Fig. 3) . Furthermore, since it is reported that inflammation mediates ODC activation which is essential in Table II . Inhibitory effect of AT on the MPO activity in mouse skin treated with TPA. Table III . Inhibitory effect of AT on TPA-induced edema of mouse ear. 
-------------------------------------------------

------------------------------------------------- Group Treatment a Weight/punch/ Inhibition (%) b mg ------------------------------------------------- 1
a Mouse ears were treated with 20 μl acetone, TPA in 20 μl acetone, or TPA (0.5 nmol) with the pretreatment of AT in acetone. Five hours later, the mice were sacrificed and ear punches (diameter 6 mm) were weighed.
b % of inhibition = [Group 2-group 4 (or 5 or 6)/ Group 2-group 1] x100. c P<0.05, d P<0.01, compared with TPAtreated group. Table IV . Inhibitory effect of AT on TPA-induced morphological changes in epidermis. 
Mouse dorsal was treated topically with 200 μl acetone, TPA (5 nmol) in 200 μl acetone, or TPA (0.5 nmol) with pretreatment of AT in acetone twice a day for 7 days. Mice were sacrificed 18 h after last administration, and skins were processed for histological test.
b The data represent the mean ± SE from 5 screen fields/rat, n=8.
c Leukocyte infiltration that was normal (-), slight (+) to severe (+++) was characterized by diffuse infiltration of mononuclear infiltratory cells in dermis compared with acetone control.
d P< 0.05, e P <0.01, compared with the group treated with TPA alone.
mouse skin tumor promotion (25) we studied the effect of AT on TPA-induced epidermal ODC activity. The results show that topical administration of TPA resulted in a significant increase in epidermal ODC activity at 6-h treatment compared to the control group. The induction was significantly diminished by the pretreatment of AT (Fig. 4) . The administration of AT alone at a concentration of 2.5 μM did not produce any change in epidermal ODC activity as compared with vehicle-treated animals (control).
Inhibitory effect of AT on TPA-induced tumor promotion.
We have shown that AT possesses antioxidant and antiinflammatory activity; therefore, it may possess anti-tumor promotion potential. In support of this possibility, the inhibitory effects of AT on TPA-induced tumor promotion were assessed. Fig. 5 shows the effect of pretreatment of AT on TPA-induced mouse skin carcinogenesis. The first tumor was observed at the 6th week in the positive control group. All the animals were observed for 12 weeks. The positive control group, which received treatment with initiator (B[a]P) and TPA, showed 100% incidence of papillomas within 10 weeks (Fig. 5A) . The animals, which were pretreated with AT (0.5-2.5 mM) showed 50% and 25% papilloma formation at the end of 12 weeks. These tumor inhibitory effects were also seen as a reduction in the multiplicity of papillomas (Fig. 5B) . In the TPA-treatment alone group, the average number of papillomas per mouse was 4.9 at the 12th week, however, the group that was pretreated with AT (0.5, 1.0 and 2.5 mM) had 1.9, 1.9 and 0.8 papillomas per mouse respectively. 
A B Discussion
There is accumulating evidence for the association between inflammatory tissue damage and the process of cancer development (26) . Inflammation can originate from both infectious and non-infectious processes of chronic injury or irritation. The inflammatory response leads to the recruitment of mast cells and leukocytes to the site of damage with a subsequent release of free radicals, including reactive oxygen species (ROS) (27) . These free radicals are known to damage macromolecules, including lipids and DNA. There is accumulating evidence for the involvement of ROS in multistage carcinogenesis. In addition, the release of eicosanoids triggers cell proliferation (26) . The combinations of these processes facilitate carcinogenesis. So, the antioxidative and anti-inflammatory agents may decrease the risk of cancers. From our results AT exhibits antioxidative and anti-inflammatory properties in CD-1 mouse skin ( Fig. 2 ; Table I-IV) . Therefore, AT may play a role in chemoprevention and decrease the risk of tumor.
It is well known that cyclooxygenase (COX), an important enzyme involved in mediating the inflammatory process, catalyzes the rate-limiting step in the synthesis of prostaglandins from arachidonic acid. There are two isoforms of COX, designated COX-1 and COX-2, respectively. COX-1 is expressed constitutively in most tissues and appears to be responsible for maintaining normal physiological functions. In contrast, COX-2 is detectable in only certain types of tissue and is induced transiently by growth factors, pro-inflammatory cytokines, tumor promoters and bacterial toxins (28, 29) . Accordingly Chun et al reported that there is a growing body of compelling evidence that targeted inhibition of COX-2 expression or activity is valuable for not only alleviating inflammation (24) , but also preventing cancer. Similarly, Fig. 3 demonstrates that AT reduced the expression of COX-2 induced by TPA in mouse epidermis. Furthermore, it is reported that inflammation mediated the activation of ODC (25), a rate-limiting enzyme in mammalian polyamine biosynthesis. Thus, the induction of ODC has been suggested to play a significant role in tumor promotion. Fig. 4 shows that AT inhibits TPA-mediated induction of epidermal ODC activity. Therefore, it is primarily suggested that AT might play a role in chemoprevention against tumor promotion.
Recently, much attention has been devoted to identifying cancer chemopreventive phytochemicals of dietary and medicinal origin (30) . It has been reported that phenolic compounds ubiquitous in vegetables and fruits possess chemopreventive potential. On the other hand, lignans and neolignans are the other groups in nature that were found to exhibit a broad range of biological activity such as anticancer (5), antiviral (4) and anti-platelet (31) . For instance, AT, a neolignan, was isolated from the chloroform-soluble fraction of stem woods of Zanthoxylum ailanthoides and the aqueous extracts of Salvia miltiorrhiza Bunge (Danshen), respectively. However, the biological properties are not well known. On the basis of the results of the in vitro assays described above, we determined subsequently the inhibitory effects of AT in a two-stage carcinogenesis test in mouse skin using B[a]P as an initiator and TPA as a promoter. The incidence (%) of papilloma-bearing mice and the average numbers of papillomas per mouse are presented in Fig. 5A and B, respectively. From the results of two-stage carcinogenesis tests, it may be suggested that AT may be useful as an agent that inhibits chemical carcinogenesis. Similarly, those observations are consistent with our previous findings that compounds which possess antioxidant are able to inhibit the growth of tumor cells. Based upon structure analysis of AT, its structure possesses the functional groups of lignans and neolignans. In addition, our results shed light on the action of phytochemicals, such as neolignans, which might explain the protective action of Chinese herbs on the progression of cancer. Although our results support this assumption, we still need more information or detailed mechanistic study to provide an understanding of the structure-activity relationship.
In summary, AT reduced the incidence of skin tumor in a two-stage carcinogenesis model, the molecular mechanisms of which involved the antioxidant and anti-inflammatory effect of AT. Other anti-carcinogenesis potentials of AT are being studied.
